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(54) LITHIUM SECONDARY BATTERY 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a positive electrode material for non-aqueous electrolyte 
secondary batteries which makes charge/discharge electricity in a high rate possible, has high 
capacity, has excellent durability in charge/discharge- electricity cycle, and has high safety. 
SOLUTION: In the lithium secondary battery equipped with the positive electrode active 
material layer which has a lithium transition metal complex oxide as a principal component, the 
above lithium transition metal complex oxide is constituted of a mixture with a lithium-nickel- 
manganese-M complex having R-3m rhomb structure expressed by LixNiyMn1-y-zMz02 
(however, x is 0.9<x<1.2, y is 0.40<y<0.60, and z is 0<z<0.2, and M is chosen from either of Fe, 
Co, Cr, or Al), and a lithium-manganese spinel complex oxide having a Fd-3m spinel structure 
and expressed with LipMn204 (however, p is 1<p<1.3). 
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* NOTICES * 

JPO and INPIT are not responsible for any . . 
damages caused by the use o.f_this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. . t 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the lithium secondary battery equipped with the positive-active-material layer which 
uses a lithium transition-metals multiple oxide as a principal component The above-mentioned 
lithium transition-metals multiple oxide is LixNiyMn1-y-zMz02 (however, x is [ 0.40<=y<=0.60 
and z of 0.9<=x<=1.2 and y ] 0<=z<=0.2, and M is chosen from Fe, Co, Cr, or aluminum atom.). It 
has Fd3m Spinel structure and is [ the lithium-nickel-manganese-M multiple oxide expressed 
and] LipMn 204 (however, p is 1<=p<=1.3.). The lithium secondary battery characterized by 
consisting of mixture with the lithium-manganese spinel multiple oxide expressed. 
[Claim 2] The lithium secondary battery according to claim 1 characterized by the content of the 
above-mentioned lithium-nickel-manganese-M multiple oxide in the above-mentioned mixture 
being 30 - 70 % of the weight. 

[Claim 3] The lithium secondary battery according to claim 1 or 2 characterized by the fine- 
particles press consistencies of the above-mentioned mixture being three or more 2.7 g/cm. 
[Claim 4] The lithium secondary battery according to claim 1 , 2, or 3 characterized by the 
above-mentioned lithium-nickel-manganese-M multiple oxide being R-3m rhombohedron 
structure. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lithium secondary battery equipped with the 

improved positive-active-material layer. 

[0002] 

[Description of the Prior Art] Small and the expectation for the nonaqueous electrolyte 
rechargeable battery which is lightweight and has a high energy consistency are growing as 
portableHzing of a device and cordless-ization progress in recent years. The multiple oxide of 
lithiums, such as LiCo02, LiNi02, LiMn204, and LiMn02, and transition metals is known by the 
active material for nonaqueous electrolyte rechargeable batteries. 

[0003] In it, as a cheap ingredient with safety especially high recently and, research of the 
multiple oxide of a lithium and manganese is done briskly, these are used for positive active 
material, and development of the nonaqueous electrolyte rechargeable battery of the high 
voltage by combining negative-electrode active materials, such as occlusion and a carbon 
material which can be emitted, and a high energy consistency is furthered in the lithium. 
[0004] Generally, the positive active material used for a nonaqueous electrolyte rechargeable 
battery becomes the lithium which is the main active material from the multiple oxide which 
made transition metals including cobalt, nickel, and manganese dissolve. With classes of the 
transition metals used, the electrode characteristics, such as electric capacity, reversibility, 
operating potential, and safety, change. For example, the nonaqueous electrolyte rechargeable 
battery which used for positive active material R-3m rhombohedron rock salt stratified multiple 
oxide which made cobalt and nickel dissolve like LiCo02 and LiNi0.8Co 0.2O2 shows good 
reversibility in high electrical-potential-difference regions, such as 2.5-4.3V, while being able to 
attain 140- 160 mAh/g and 180 - 200 mAh/g, and a comparatively high capacity consistency, 
respectively. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when a cell is warmed, since the problem 
on which a cell tends to generate heat by the reaction of the positive active material at the time 
of charge and an electrolytic-solution solvent, the cobalt used as a raw material, and nickel are 
expensive, there is a problem to which the cost of an active material becomes high. 
[0006] Although a cell cannot generate heat comparatively easily due to the reaction of the 
positive active material at the time of charge, and an electrolytic-solution solvent, compared 
with a cobalt system and a nickel system active material with an above-mentioned capacity, with 
100 - 120 mAh/g, the nonaqueous electrolyte rechargeable battery which used for the active 
material the spinel mold multiple oxide which consists of LiMn 204 which uses on the other hand 
comparatively cheap manganese as a raw material is low, and has the technical problem that 
charge-and-discharge cycle endurance is scarce. 

[0007] Instead of using these independent lithium-transition-metals multiple oxides as positive 
active material, mixing the a kind of lithium [ at least ]-transition-metals multiple oxide chosen 
from the group which consists of LiMn02, LiNi02 and LiCo02, and LiMn 204 of orthorhombic 
system is proposed by JP,9-180718,A. The cell using this mixture originates in LiMn02, and has 
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the problem which runs short of charge-and-discharge cycle endurance. Moreover, LiMn02 also 
has the problem that the charge-and-discharge capacity in a high rate is low. 
: [0008] Moreover, the lithium secondary battery which consists of LiMn 204 and three-sort 
mixture of LiNi02 and LiCo02 is proposed by JP,1 1-3698 A The cell using this LiMn 204 and 
the three-sort mixture of LiNi02 and LiCo02 originates in use of LiNi02 and LiCo02, and has 
the problem which is^not enough. 

[0009] Made in order that this invention might solve such a technical problem, the charge and 
discharge in a high rate are possible for the purpose, and its capacity is high, and it is to offer a 
nonaqueous electrolyte rechargeable battery with the sufficient high energy consistency and 
sufficient high current discharge property using the positive-electrode ingredient for nonaqueous 
electrolyte rechargeable batteries of the Takayasu all nature excellent in charge-and-discharge 
cycle endurance. 
[0010] 

[Means for Solving the Problem] In the lithium secondary battery equipped with the positive- 
active-material layer to which this invention uses a lithium transition-metals multiple oxide as a 
principal component in order to attain the above-mentioned purpose The above-mentioned 
lithium transition-metals multiple oxide is LixNiyMn1-y-zMz02 (however, x is [ 0.40<=y<=0.60 
and z of 0.9<=x<=1.2 and y ] 0<=z<=0.2, and M is chosen from Fe, Co, Cr, or aluminum atom.). It 
has Fd3m Spinel structure and is [ the lithium-nickel-manganese-M multiple oxide expressed 
and ] LipMn 204 (however, p is 1<=p<=1.3.). It is characterized by consisting of mixture with the 
lithium-manganese spinel multiple oxide expressed. 

[0011] As for the above-mentioned lithium-nickel-manganese-M multiple oxide, in this invention, 
it is desirable that it is R3~m rhombohedron structure. In addition, since it is hard coming to take 
stable R-3m rhombohedron structure with y being less than 0.40, it is not desirable. Moreover, 
since safety will fall if y exceeds 0.60, it is not desirable. As for y, 0.45-0.55 are adopted 
especially preferably. As for x, 0.9<=x<=1.2 is adopted for a capacity manifestation. 
[0012] Improvement in charge-and-discharge cycle endurance, safety, capacity, etc. can be 
aimed at by adding one atom of Fe, Co, Cr, and aluminum further to the above-mentioned 
lithium-nickel-manganese M multiple oxide, the addition z of M atom — 0-0.2 — it is — 
desirable — 0.01 to 0.18 — it is 0.05-0.16 especially preferably. 

[0013] although another above-mentioned lithium multiple oxide used by this invention is a 
lithium-manganese spinel multiple oxide which has Fd3m Spinel structure and is expressed with 
LipMn 204 (however, p is 1<=p<=1.3.) — the manganese element in this manganese spinel — the 
alkaline-earth-metal elements and transition-metals elements other than manganese — having - 

- 2-10-mol % — charge-and-discharge cycle endurance can be raised by permuting. Magnesium, 
aluminum, iron, and chromium are chosen as a desirable permutation element of the manganese 
in a manganese spinel. 

[0014] As for the content of the above-mentioned lithium-nickel-manganese-M multiple oxide in 
the above-mentioned mixture, in this invention, it is desirable that it is 30 - 70 % of the weight. 
Since the capacity of a lithium cell falls that the above-mentioned content is less than 30 % of 
the weight or charge-and-discharge cycle endurance falls, it is not desirable. Moreover, since 
the discharge capacity in a high rate will fall or a discharge average electrical potential difference 
will fall if the above-mentioned content exceeds 70 % of the weight, it is not desirable. Especially 
the desirable above-mentioned content is 40 - 60 % of the weight. 

[0015] As for the mixture powder of the above-mentioned multiple oxide, in this invention, it is 
desirable that the fine-particles press consistencies when carrying out press restoration only of 
the powder by the pressure of 1 t/cm2 are three or more 2.7 g/cm. According to this, mixture is 
made with a slurry, and coating and desiccation, and when it presses, capacity per volume can be 
made high at charge collector aluminum foil. Especially desirable fine-particles press 
consistencies are three or more 2.9 g/cm. A three or more 2.7 g/cm fine-particles press 
consistency is attained by rationalizing the particle size distribution of mixture fine particles. 
That is, width of face is in particle size distribution, the volume fraction of few particle size is 20 

- 50%, and densification can be attained by narrowing particle size distribution of the diameter of 
a large drop etc. 
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[0016] If the mixture of this invention is used, from the case where each independent lithium 
transition-metals multiple oxide used for mixing is used, the charge and discharge in a high rate 
are possible, and capacity and the cell engine performance whose balance of safety improved 
can be discovered. Moreover, capacity and the cell engine performance which excelled [ list / 
safety ] in charge-and-discharge cycle stability can be obtained from the case where the same 
positive active material as the transition-metals element content which consisted of an 
independent lithium transition-metals compound, and was used for mixing is used. Although the 
cause by which this physical mixture is superior to the independent matter is not clear, a 
lithium-nickel-manganese-M multiple oxide (nickel/Mn=0.6 / 0.4 - 0.4/0.6) has specially high 
safety, and since the manifestation nature of capacity is comparatively good, it is thought that 
the synergistic effect was discovered with mixing. 
[0017] 

[Embodiment of the Invention] As a process of LixNiyMn1-y-zMz02 (lithium-nickel-manganese- 
M multiple oxide) which the crystal structure used for this invention becomes from R-3m of 
rhombohedron, calcinating the mixture of a manganese compound, a lithium compound, and a 
nickel compound 500-1000 degrees C of solid phase techniques under an inert gas ambient 
atmosphere or in atmospheric air, for example and a 500-850-degree C fused salt method are 
mentioned. 

[0018] Moreover, the lithium-nickel-manganese-M multiple oxide with which the crystal 
structure used for this invention consists of rhombohedron stratified rock salt type structure 
can be obtained by the fused salt method which adds a nickel-manganese-metallic element M 
content compound in calcinating the mixture of the multiple oxide or compound hydroxide which 
consists for example, of a nickel-manganese-metallic element, a manganese compound, and a 
lithium compound 500-1000 degrees C of solid phase techniques under an oxygen gas content 
ambient atmosphere, and 500-850-degree C lithium content fused salt. 
[0019] As a source raw material of nickel, oxides (NiO etc.), a hydroxide (NiOH), an oxy- 
hydroxide (NiOOH), etc. are mentioned. As a source raw material of manganese, the hydrate of 
oxides (Mn 203, MnO, Mn02, etc.) and these oxides, an oxy-hydroxide, etc. are mentioned. As a 
source raw material of manganese, the compound of trivalent manganese is more desirable. 
These source raw materials of manganese may be used independently, and may use two or more 
sorts together. 

[0020] As a source raw material of (a metallic element M), a simple substance metal, a hydroxide, 
an oxide, an oxy-hydroxide, a chloride, a nitrate, etc. are used. The source raw material of these 
the (metallic elements M) may be used independently, and may use two or more sorts together. 
[0021] mixing carbon system electric conduction material and binding material, such as acetylene 
black, a graphite, and ketch en black, to the powder of the mixture of this invention — a positive 
electrode — a mixture is formed. Polyvinylidene fluoride, polytetrafluoroethylene, a polyamide, a 
carboxymethyl cellulose, acrylic resin, etc. are used for binding material, the slurry which 
consists of the solvent or dispersion medium of the powder of the mixture of this invention, 
electric conduction material, binding material, and binding material — positive-electrode charge 
collectors, such as aluminium foil, — coating - it dries and rolls [ press ] out and a positive- 
active-material layer is formed on a positive-electrode charge collector. 

[0022] In the lithium cell of this invention, a carbonate is desirable as a solvent of an electrolytic 
solution, a carbonate — the shape of annular and a chain — all can be used. Propylene 
carbonate, ethylene carbonate, etc. are illustrated as an annular carbonate. As a chain-like 
carbonate, dimethyl carbonate, diethyl carbonate, ethyl methyl carbonate, methylpropyl 
carbonate, methyl isopropyl carbonate, etc. are illustrated. 

[0023] In this invention, it is independent in the above-mentioned carbonate, or two or more 
sorts can be mixed and used. Moreover, you may use it, mixing with other solvents. Moreover, if 
a chain-like carbonate and an annular carbonate are used together depending on the ingredient 
of a negative-electrode active material, a discharge property, cycle endurance, and charge-and- 
discharge effectiveness may be improvable. Moreover, it is good also as a gel polymer electrolyte 
by adding a vinylidene fluoride-hexafluoropropylene copolymer (for example, Atochem KAINA) 
and a vinylidene fluoride-perfluoro propyl vinyl ether copolymer to these organic solvents, and 
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adding the following solute. 

[0024] It is desirable to use as a solute any one or more sorts of the lithium salt which makes an 
anion CI04- CF3S03-, BF4-, PF6-, AsF6- SbF6- CF3C02-, 2 (CF3S02)I\K etc. As for an 
above-mentioned electrolytic solution or an above-mentioned polymer electrolyte, it is desirable 
to add the electrolyte which consists of lithium salt by the concentration of 0.2-2.0 mols/l. to 
the above-mentioned solvent or a solvent content polymer. If it deviates from this range, ionic 
conductivity will fall and electrolytic electrical conductivity will fall. 0.5 - 1:5 mol/l is selected 
more preferably. Porosity polyethylene and a porosity polypropylene film are used for a 
separator. 

[0025] The negative-electrode active material in this invention is the ingredient which emits 
[ occlusion and ] a lithium ion. Although especially the ingredient that forms these negative- 
electrode active materials is not limited, a lithium metal, a lithium alloy, a carbon material, a 
periodic table 14, the oxide that made 15 groups' metal the subject, a carbon compound, a silicon 
carbide compound, a silicon oxide compound, a titanium sulfide, a boron carbide compound, etc. 
are mentioned, for example. 

[0026] What pyrolyzed the organic substance on various pyrolysis conditions as a carbon 
material, an artificial graphite, a natural graphite, a soil graphite, expanded graphite, a scale-like 
graphite, etc. can be used. Moreover, the compound which makes the tin oxide a subject can be 
used as an oxide. Copper foil, a nickel foil, etc. are used as a negative-electrode charge 
collector. 

[0027] As for the positive electrode and negative electrode in this invention, it is desirable to 
knead an active material with an organic solvent, to consider as a slurry, to apply, dry and press 
this slurry in a metallic foil charge collector, and to obtain it to it. There is especially no 
constraint in the configuration of the lithium cell of this invention. The shape of a sheet (the 
shape of so-called film), the letter of folding, a winding mold closed-end cylindrical shape, a 
carbon button form, etc. are chosen according to an application. 
[0028] 

[Example] Next, although this invention is explained about the concrete examples 1 -8 and the 
examples 1-4 of a comparison, this invention is not limited to these examples. 
[0029] «example 1» Coprecipitation of aqueous ammonia and the sodium-hydroxide water 
solution was added and carried out to the nickel sulfate and the manganese-sulfate (mole ratio 
1:1) mixed water solution, and the nickel-manganese coprecipitation hydroxide (nickel: 
manganese atomic ratio =1:1) was obtained by heating and desiccation at 150 degrees C. This 
nickel-manganese coprecipitation hydroxide was calcinated and ground in atmospheric air at 550 
degrees C, and nickel-manganic acid ghost powder was obtained. This nickel-manganic acid 
ghost powder and lithium-carbonate powder were mixed, it calcinated and ground in nitrogen- 
gas-atmosphere mind at 800 degrees C, and LiNi0.5Mn 0.5O2 with a mean particle diameter of 4 
micrometers was compounded. X-ray diffraction analysis by CuKalpha of this powder showed 
that it was R-3m rhombohedron stratified rock salt type structure. Moreover, the electrolytic 
manganese dioxide powder and lithium-carbonate powder were blended dryly, 800 degrees C was 
calcinated in atmospheric air for 1 5 hours, grinding and classification of were done, and 
2OLi1.05Mn4 powder with a mean particle diameter of 7 micrometers was obtained. X-ray 
diffraction analysis by CuKalpha of this powder showed that it was Fd3m Spinel structure. When 
LiNi0.5Mn 0.5O2 and Li1.05Mn 204 were mixed at a rate of 50:50 by the weight ratio, the 
hydraulic press of this mixture powder was carried out by the pressure of 1 t/cm2 and the fine- 
particles press consistency was calculated from the volume and weight, it was 2.90 g/cm3. N- 
methyl pyrrolidone ******** ball mill mixing of this mixture powder, acetylene black, and 
polyvinylidene fluoride was carried out by the weight ratio of 83/10/7, and it considered as the 
slurry. This slurry was applied on the aluminium foil positive-electrode charge collector with a 
thickness of 20micro, it dried at 1 50 degrees C, and N-methyl pyrrolidone was removed. Roll 
press rolling was carried out to after an appropriate time, and the positive-electrode object was 
acquired. A metal lithium foil with a thickness of 300micro is used for a separator at a negative 
electrode using porosity polyethylene with a thickness of 25micro, a nickel foil is used for a 
negative-electrode charge collector, and it is 1M in the electrolytic solution. UPF6/EC+DEC 
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(1:1) is used and it is ****** in an argon glove compartment about coin eel 2030 mold. And the 
bottom of a 25-degree C temperature ambient atmosphere is charged by 1 mA termination 
electrical-potential-difference 4.3V. While discharging to 3.0V in 5mA (discharge rate 1C) of 
constant current and investigating a high current discharge property It charged by 1mA 
termination electrical-potential-difference 4.3V, the charge-and-discharge cycle trial which 
discharges to 3.0V in 1mA (discharge rate 0.2C) of constant current was performed 20 times, 
and it asked for the capacity maintenance factor from the ratio of the initial discharge capacity 
after 2 times charge and discharge, and the discharge capacity after 20 times charge and 
discharge. Moreover, for cell safety evaluation, the eel after 4.3V charge was disassembled and 
exoergic initiation temperature in case the positive electrode was put into the well-closed 
container and carries out a temperature up to a sample using nothing and differential-scanning- 
calorimetry equipment with an electrolytic-solution solvent was searched for. Consequently, for 
initial capacity, 124 mAh/g, and 1C capacity / 0.2C capacity was [ the exoergic initiation 
temperature of the capacity maintenance factor ] 227 degrees C 93% 92%. 
[0030] «example 2» LiNi0.6Mn 0.4O2 which set the nickel of a lithium-nickel-manganese 
multiple oxide and the atomic ratio of manganese to 0.60:0.40, and Li1.05Mn 204 were mixed at a 
rate of 50:50 by the weight ratio, and also the positive-electrode object and the cell were 
produced like the above-mentioned example 1 , and the property was evaluated. Consequently, 
for initial capacity, 130 mAh/g, and 1C capacity / 0.2C capacity was [ the exoergic initiation 
temperature of the capacity maintenance factor ] 221 degrees C 94% 92%. 
[0031] «example 3» The nickel of a lithium-nickel-manganese multiple oxide and the atomic 
ratio of manganese mixed LiNi0.5Mn 0.5O2 which is 0.50:0.50, and Li1.05Mn 204 at a rate of 
40:60 by the weight ratio, and also the positive-electrode object and the cell were produced like 
the above-mentioned example 1, and the property was evaluated. Consequently, for initial 
capacity, 122 mAh/g, and 1C capacity / 0.2C capacity was [ the exoergic initiation temperature 
of the capacity maintenance factor ] 220 degrees C 94% 93%. 

[0032] «example 4» LiNi0.55Mn 0.45O2 which set the nickel of a lithium-nickel-manganese 
multiple oxide and the atomic ratio of manganese to 0.55:0.45, and LM.OSMn 204 were mixed at a 
rate of 30:70 by the weight ratio, and also the positive-electrode object and the cell were 
produced like the above-mentioned example 1 , and the property was evaluated. Consequently, 
for initial capacity, 121 mAh/g, and 1C capacity / 0.2C capacity was [ the exoergic initiation 
temperature of the capacity maintenance factor ] 220 degrees C 94% 94%. 
[0033] «example 5» Replaced with the nickel sulfate and manganese-sulfate (mole ratio 1:1) 
mixed water solution of the above-mentioned example 1, and the nickel sulfate, the manganese 
sulfate, and the cobalt sulfate (mole ratio 9:9:2) mixed water solution were used, and also 
LiNiO.45MnO.45Co 0.1 02 with a mean particle diameter of 5 micrometers was compounded as 
positive active material like the above-mentioned example 1 . X-ray diffraction analysis by 
CuKalpha of this powder showed that it was R-3m rhombohedron stratified rock salt type 
structure. When LiNiO.45MnO.45Co 0.1O2 and Li1.05Mn 204 were mixed at a rate of 50:50 by the 
weight ratio, the hydraulic press of this mixture powder was carried out by the pressure of 1 
t/cm2 and the fine-particles press consistency was calculated from the volume and weight, it 
was 2.95 g/cm3. The positive-electrode object and the cell were produced like the above- 
mentioned example 1, and the property was evaluated. Consequently, for initial capacity, 128 
mAh/g, and 1C capacity / 0.2C capacity was [the exoergic initiation temperature of the 
capacity maintenance factor ] 226 degrees C 95% 93%. 

[0034] «example 6» Replaced with the nickel sulfate and manganese-sulfate (mole ratio 1:1) 
mixed water solution of the above-mentioned example 1 , and the nickel sulfate, the manganese 
sulfate, and the chromium-sulfate (mole ratio 9:9:2) mixed water solution were used, and also 
LiNiO.45MnO.45Cr 0.1 02 with a mean particle diameter of 5 micrometers was compounded as 
positive active material like the above-mentioned example 1. X-ray diffraction analysis by 
CuKalpha of this powder showed that it was R-3m rhombohedron stratified rock salt type 
structure. When LiNiO.45MnO.45Cr 0.1 02 and Li1.05Mn 204 were mixed at a rate of 50:50 by the 
weight ratio, the hydraulic press of this mixture powder was carried out by the pressure of 1 
t/cm2 and the fine-particles press consistency was calculated from the volume and weight, it 
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was 2.92 g/ cm3. The positive-electrode object and the cell were produced like the above- 
mentioned example 1, and the property was evaluated. Consequently, for initial capacity, 126 
mAh/ g, and 1 C capacity / 0.2C capacity was [ the exoergic initiation temperature of the 
capacity maintenance factor ] 230 degrees C 95% 93%. v.-. .. 

[0035] «example 7» Replaced with the nickel sulfate and manganese-sulfate (mole ratio 1:1) 
mixed water solution of the above-mentioned example 1, and the nickel sulfate, the manganese** 
sulfate; and the iron-sulfate (mole ratio 9:9:2) mixed water solution were used, and also 
LiNiO.45MnO.45Fe 0.1 02 With a mean particle diameter of 5 micrometers was compounded as 
positive active material like the above-mentioned example 1. X-ray diffraction analysis by 
CuKalpha of this powder showed that it was R-3m rhombohedron stratified rock salt type 
structure. When LiNiO.45Mn0.45Fe 0.1 02 and Li1.05Mn 204 were mixed at a rate of 50:50 by the 
weight ratio, the hydraulic press of this mixture powder was carried out by the pressure of 1 
t/cm2 and the fine-particles press consistency was calculated from the volume and weight, it 
was 2.90 g/cm3. The positive-electrode object and the cell were produced like the above- 
mentioned example 1, and the property was evaluated. Consequently, for initial capacity, 123 
mAh/ g, and 1 C capacity / 0.2C capacity was [ the exoergic initiation temperature of the 
capacity maintenance factor ] 231 degrees C 94% 93%. 

[0036] «example 8» Replaced with the nickel sulfate and manganese-sulfate (mole ratio 1:1) 
mixed water solution of the above-mentioned example 1 , and the nickel sulfate, the manganese 
sulfate, and the aluminum-sulfate (mole ratio 9:9:2) mixed water solution were used, and also 
LiNi0.45Mn0.45aluminum 0.102 with a mean particle diameter of 5 micrometers was compounded 
as positive active material like the above-mentioned example 1. X-ray diffraction analysis by 
CuKalpha of this powder showed that it was R-3m rhombohedron stratified rock salt type 
structure. When LiNi0.45Mn0.45aluminum 0.1 02 and Li1.05Mn 204 were mixed at a rate of 50:50 
by the weight ratio, the hydraulic press of this mixture powder was carried out by the pressure 
of 1 t/ cm2 and the fine-particles press consistency was calculated from the volume and weight, 
it was 2.87 g/cm3. The positive-electrode object and the cell were produced like the above- 
mentioned example 1, and the property was evaluated. Consequently, for initial capacity, 124 
mAh/ g, and 1C capacity / 0.2C capacity was [ the exoergic initiation temperature of the 
capacity maintenance factor ] 233 degrees C 94% 93%. 

[0037] <Example 1 of a comparison> LiNi0.5Mn 0.5O2 used in the above-mentioned example 1 
was used independently, and also the positive-electrode object and the cell were produced like 
the above-mentioned example 1 , and the property was evaluated. Consequently, for initial 
capacity, 128 mAh/g, and 1C capacity / 0.2C capacity was [ the exoergic initiation temperature 
of the capacity maintenance factor ] 230 degrees C 92% 85%. 

[0038] <Example 2 of a comparison> Coprecipitation of aqueous ammonia and the sodium- 
hydroxide water solution was added and carried out to the nickel sulfate and the manganese- 
sulfate (mole ratio 0.70:0.30) mixed water solution, and the nickel-manganese coprecipitation 
hydroxide (nickel: manganese atomic ratio =0.70:0.30) was obtained by heating and desiccation at 
1 50 degrees C. This nickel-manganese coprecipitation hydroxide was calcinated and ground in 
atmospheric air at 550 degrees C, and nickel-manganic acid ghost powder was obtained. This 
nickel-manganic acid ghost powder and lithium-hydroxide powder were mixed, and it calcinated 
at 480 degrees C, it calcinated and ground at 800 degrees C in atmospheric air further, and 
LiNiOJMn 0.3O2 was compounded. This LiNi0.7Mn 0.3O2 was used independently, and also the 
positive-electrode object and the cell were produced like the above-mentioned example 1, and 
the property was evaluated. Consequently, for initial capacity, 167 mAh/g, and 1C capacity / 
0.2C capacity was [ the exoergic initiation temperature of the capacity maintenance factor ] 200 
degrees C 91% 86%. 

[0039] <Example 3 of a comparison> Li1.05Mn 204 used in the above-mentioned example 1 was 
used independently, and also the positive-electrode object and the cell were produced like the 
above-mentioned example 1. and the property was evaluated. Consequently, for initial capacity, 
1 1 7 mAh/ g, and 1 C capacity / 0.2C capacity was [ the exoergic initiation temperature of the 
capacity maintenance factor ] 220 degrees C 93% 94%. 

[0040] <Example 4 of a comparison> Coprecipitation of aqueous ammonia and the sodium- 
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hydroxide water solution was added and carried out to the nickel sulfate and the manganese- 
sulfate (mole ratio 0.25:0.75) mixed water solution, and the nickel-manganese coprecipitation 
- hydroxide (nickel: manganese atomic ratio =0.25:0.75) was obtained by heating and desiccation at 
150 degrees C. This nickel-manganese coprecipitation hydroxide was calcinated and groundrn 
atmospheric air at 550 degrees C, and nickel-manganic acid ghost powder was obtained. This 
nickel-manganic acid ghost powder and lithium-hydroxide powder were mixed, and it calcinated 
at 480 degrees C, it calcinated and ground at 800 degrees C in nitrogen-gas-atmosphere*itfiind 
further, and LiNi0.25Mn 0.75O2 was compounded. This LiNi0.25Mn 0.75O2 was used 
independently, and also the positive-electrode object and the cell were produced like the above- 
mentioned example 1, and the property was evaluated. Consequently, for initial capacity, 119 
mAh/g, and 1C capacity / 0.2C capacity was [ the exoergic initiation temperature of the 
capacity maintenance factor ] 230 degrees C 87% 83%. 

[0041] As reference, the multiple oxide used in the above-mentioned examples 1-8 and the 
examples 1-4 of a comparison and an evaluation result are collectively shown in degree table. 
[Table 1] 
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[0042] 

[Effect of the Invention] As explained above, in the lithium secondary battery equipped with the 
positive-active-material layer which uses a lithium transition-metals multiple oxide as a principal 
component, by using the mixture of the multiple oxide of this invention for a lithium transition- 
metals multiple oxide, the charge and discharge in a high rate are possible, and capacity and the 
cell engine performance whose balance of safety improved can be discovered from the case 
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where each independent lithium transition-metals multiple oxide used for mixing is used. 
[0043] Moreover, capacity and the cell engine performance which excelled [ list / safety ] in 
charge-arid-discharge cycle stability can be obtained from the case where the same positive 
active material as the transition-metals element content which consisted of an independent 
lithium transition-metals compound, and was used for mixing is used. 

.« 

, , , . , - ;.„ , ., , m , , , _ m , , ,,, jO A _ „ 

[Translation done.] 
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